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METHOD AND COMPUTER PROGRAM 
PRODUCT FOR RECOGNIZING ITALICIZED 

TEXT 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The invention relates to a system for recognizing 
italicized text in an optical character recognition (OCR) 
system. OCR systems rely on pattern recognition devices 
(classi?ers) for character recognition. 

[0003] 2. Description of the Prior Art 

[0004] Optical character recognition (OCR) is the process 
of transforming Written or printed text into digital informa 
tion. Pattern recognition classi?ers are used in sorting 
scanned characters into a number of output classes. Atypical 
prior art classi?er is trained over a plurality of output classes 
using a set of training samples. The training samples are 
processed, data relating to features of interest are extracted, 
and training parameters are derived from this feature data. 
During operation, the system receives an input image asso 
ciated With one of a plurality of classes. The relationship of 
the image to each class is analyZed via a classi?cation 
technique based upon the training parameters. From this 
analysis, the system produces an output class and an asso 
ciated con?dence value. 

[0005] Characters With abnormal posture, such as itali 
ciZed characters, can distort the features used in image 
recognition. While such characters may be treated separately 
from the standard posture of the character for the purposes 
of classi?cation, this greatly increases the number of nec 
essary output classes and unnecessarily retards system per 
formance. Accordingly, it Would be useful to develop less 
resource-intensive methods of detecting text of abnormal 
posture. 

STATEMENT OF THE INVENTION 

[0006] In accordance With one aspect of the present inven 
tion, a method is disclosed for recogniZing italic text in an 
optical character recognition system. A plurality of digital 
images of alphanumeric characters are created from a block 
of text, each comprising a plurality of roWs of digital pixels. 
The digital images are preprocessed such that each image is 
normaliZed to equal siZe and the pixels Within each image 
have a ?rst value, such as “black,” or a second value, such 
as “White.” 

[0007] The position of the left-most pixel With a ?rst value 
in each roW is determined for each image. The position of 
each left-most pixel With a ?rst value is recorded as an 
ordered pair including the roW number and ordinal position 
Within the roW. A best-?t line With a corresponding slope is 
calculated for the ordered pairs via linear regression. The 
calculated slope is then compared to a predetermined thresh 
old. 

[0008] In accordance With another aspect of the present 
invention, a computer program product operative in a data 
processing system is disclosed for detecting italiciZed text. 
An image acquisition portion creates a plurality of digital 
characters of alphanumeric images from a block of text, each 
comprising a plurality of roWs of digital pixels. A prepro 
cessing portion preprocesses the digital images such that 
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each image is normaliZed to equal siZe and the pixels Within 
each image have a ?rst value, such as “black” or and second 
value, such as “White”. 

[0009] A classi?cation portion determines the position of 
the left-most pixel With a ?rst value in each roW for each 
image. It then records the position of each leftmost pixel 
With a ?rst value as a ordered pair including the roW number 
and ordinal position Within the roW and calculates a best-?t 
line With a corresponding slope of the ordered pairs through 
linear regression. It then compares the calculated slope to a 
predetermined threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and other features of the present 
invention Will become apparent to one skilled in the art to 
Which the present invention relates upon consideration of the 
folloWing description of the invention With reference to the 
accompanying draWings, Wherein: 

[0011] FIG. 1 is a functional schematic of a modular 
classi?cation architecture; 

[0012] FIG. 2 is a functional schematic of an image 
recognition classi?er using an example embodiment of the 
claimed preclassi?cation system; 

[0013] FIG. 3 is a How diagram illustrating the process of 
scanning the left-edge of each character to obtain the posi 
tion data; 

[0014] FIG. 4 is a flow diagram illustrating an example 
process of ?ltering unhelpful data from the pel histogram; 

[0015] FIG. 5 is a How diagram illustrating an example 
regression process; 

[0016] FIG. 6 is a How diagram illustrating an example 
veri?cation process for the calculated regression values. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] It should be noted that the present invention and the 
image recognition classi?er to Which the present invention is 
applied Will be usually be implemented as a computer 
program. Such a program may simulate, at least in part, the 
functioning of a neural netWork. As the present invention 
Will be implemented as part of an optical character recog 
nition system, a basic description of such a classi?cation 
system Would be useful in illustrating the claimed invention. 

[0018] FIG. 1 illustrates a classi?cation system 20 that 
might be used in association With the present invention. As 
stated above, the system is usually implemented as a soft 
Ware program. Therefore, the structures described herein 
may be considered to refer to individual modules and tasks 
Within that program. 

[0019] Focusing on the function of a classi?cation system 
20 compatible With the present invention, the classi?cation 
process begins at an image acquisition stage 22 With the 
acquisition of an input image. The image 24 is then sent to 
a preprocessing stage 26, Where the image 24 is prepro 
cessed to enhance the image, locate portions of interest, 
eliminate obvious noise, and otherWise prepare the image 
for further processing. 
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[0020] The selected portions of the image 28 are then sent 
to a feature extraction stage 30. Feature extraction converts 
the image 28 into a vector 32 of numerical measurements, 
referred to as feature variables. The vector 32 is formed from 
a sequence of measurements performed on the image. Many 
feature types exist and are selected based on the character 
istics of the recognition problem. 

[0021] The extracted feature vector 32 is then provided to 
a classi?cation stage 34. The classi?cation stage 34 relates 
the feature vector 32 to the most likely output class, and 
determines a con?dence value 36 that the image is a member 
of the selected class. This is accomplished by a statistical or 
neural netWork classi?er. Mathematical classi?cation tech 
niques convert the feature vector input to a recognition result 
38 and an associated con?dence value 36. The con?dence 
value 36 provides an external ability to assess the correct 
ness of the classi?cation. For example, a classi?er output 
may have a value betWeen Zero and one, With one repre 
senting maximum certainty. Finally, the recognition result 
38 is sent to a post-processing stage 40. The post-processing 
stage 30 applies the recognition result 38 provided by the 
classi?cation stage 34 to a real-World problem. 

[0022] The present invention relates to the classi?cation 
stage. Speci?cally, the present invention preclassi?es blocks 
of text Within a source to determine if the text is italiciZed. 
Where the text is found to be italiciZed, modi?cations can be 
made to the segmentation process, the classi?cation process, 
or the base image itself to account for the italics effect. 

[0023] FIG. 2 illustrates an optical character recognition 
classi?er 50 utiliZing an example embodiment of the pre 
classi?cation system of the present invention. The process 
begins in the image acquisition portion 52, Where the system 
scans a block of text into a digital image. The scanned image 
is passed to the preprocessing portion 54 of the system. In 
the preprocessing portion 54, the image Will be transformed 
into a bilevel image and segmented to isolate individual 
alphanumeric characters. 

[0024] The segmented characters are then normaliZed to a 
common siZe. Each character is proportionately expanded or 
contracted to a matrix of pixels of a speci?ed number of 
roWs and columns. Accordingly, any character can be 
described by a series of ones and Zeros Within a standard 
matrix. 

[0025] Within the preclassi?cation portion 56, the matrix 
representing each character is scanned to determined the 
position of the left-most “dark” pixel, or pel, in each roW. 
This position is saved in a tWo-dimensional leftmost pel 
histogram. The pel histogram is a matrix, of the same 
dimensions as the normaliZed characters, capable of storing 
an integer at each position. For each character scanned by 
the system, the pixel position containing a left-most pel for 
its roW is recorded by adding one to the corresponding 
position on the pel histogram. 

[0026] After all of the characters have been scanned, the 
pel histogram is ?ltered to eliminate unhelpful data, such as 
the left edges of extraneous portions of a character (i.e. the 
left-most edge of the loWer portion of the character “4”). 
Such a ?lter can take many forms. The example preclassi?er 
Will clear all values in the pel histogram With a column value 
greater than one-half of the total number of columns. Put 
simply, the right half of the pel histogram Will be cleared 
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prior to further analysis. Other methods of ?ltering unhelp 
ful data may be used Within the spirit of the present 
invention. 

[0027] The data Within the pel histogram is then subjected 
to a linear regression analysis. A roW sum, a roW squared 
sum, a column sum, a column squared sum, and a roW 
multiplied by column sum are generated. Each position’s 
contribution to the sums is Weighted by the value at that 
position. When the summation is complete, these sums are 
used to calculate the best-?t line’s slope and intercept (With 
respect to the Y-axis), as Well as a correlation coef?cient for 
the regression. The calculation of these quantities from such 
sums is Well knoWn to one skilled in the art. 

[0028] If the characters are not italiciZed, the best-?t line’s 
slope (With respect to the Y-axis) Will be close to Zero. 
Accordingly, the calculated slope is compared to a prede 
termined threshold value to determine if the selected char 
acter set is italiciZed. If the slope exceeds the threshold, the 
selected character set is determined to be italiciZed. Other 
Wise, the text is considered non-italiciZed. 

[0029] In the example embodiment, once a result is 
achieved, the preclassi?cation portion corrects each itali 
ciZed character to account for the rightWard slant. The 
corrected characters are sent to a feature extraction portion 
58. The feature extraction portion 58 extracts data from the 
input image. The feature data is then sent to a classi?cation 
portion 60. 

[0030] It should be noted that other methods of accounting 
for the italicized characters could be used Within the scope 
of the invention. For example, the result from the preclas 
si?ication portion 56 may be used to correct the feature data 
itself prior to classi?cation. The preclassi?cation result 
could also be used to select betWeen alternate classi?ers, 
With one classi?er reserved for identifying italiciZed char 
acters. 

[0031] Returning to the example embodiment, in the clas 
si?cation portion 60, the feature data is related to the most 
likely output character class, and a con?dence value is 
determined as to Whether the image is a member of the 
selected class. This is accomplished by a statistical or neural 
netWork classi?er. The con?dence value 36 provides an 
external ability to assess the correctness of the classi?cation. 

[0032] The present invention depends on several assump 
tions to detect italiciZed text. To begin With, the italiciZation 
must be uniform. The regression described above deter 
mines the best-?t line’s slope over a set of characters. If the 
selected character set consists of both italiciZed and standard 
characters, the method Will incorrectly categoriZe a portion 
of the characters regardless of the result. Accordingly, care 
is necessary in selecting text blocks for analysis. 

[0033] Secondly, the selected character set must be 
diverse. Where the characters of the set are insuf?ciently 
diverse, the slant Will be in?uenced by the slant of the 
represented characters as opposed to the posture of the 
character set. The amount of left-edge slant Within both the 
standard and italic character sets varies considerably, from 
the rightWard slant of a “V” to the leftWard slant of an “A.” 
Accordingly, the threshold used to determine if a group of 
letters is italiciZed is derived from an average expected slant 
for each group. Where a group of characters is substantially 
uniform, this threshold is not useful in determining the 
posture of the character set. 
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[0034] Finally, the selected character set must be of suf 
?cient siZe to allow for an effective regression analysis. The 
required siZe varies With the type and diversity of characters 
represented Within the set. Generally, the number of char 
acters present in a postal address Will be suf?cient for 
analysis, if they are suf?ciently diverse. 

[0035] Various threshold comparisons can be used to 
check the validity of these assumptions. For example, if the 
selected character set meets the assumptions described 
above, the x-intercept Will fall Within a predetermined range. 
This range can be determined by examining the data the 
program is expected to encounter during run-time operation. 
Where the calculated x-intercept falls outside this range, the 
selected characters likely failed to meet the above assump 
tions. 

[0036] The calculated slope may also serve as an indica 
tion of a ?aWed assumption. If all of the assumptions are 
met, the slope should be Within a predetermined range of 
Zero. Again, this range is determined by examining the data 
the program is expected to encounter during run-time opera 
tion. An errant slope value is another sign of faulty data. 

[0037] Finally, the correlation coef?cient of the regression 
can provide information as to its validity. A correlation 
coef?cient is a measure of hoW Well the best-?t line ?ts the 
data points. A value of Zero indicates no correlation, While 
values approaching positive or negative one indicate a 
“perfect” ?t. Thus, if our assumptions are correct, the 
absolute value of the correlation coef?cient should be close 
to one. A particular acceptance threshold Would need to be 
determined for the expected data. Note that as the slope 
approaches Zero or in?nity, the correlation coef?cient 
becomes untrustWorthy. It is thus checked after the slope is 
checked. 

[0038] FIG. 3 illustrates the process of scanning the 
left-edge of each character to obtain the position data. The 
process 100 begins at step 102. The process then proceeds to 
step 104, Where the pel histogram is cleared. The process 
then advances to step 106, Where the program determines if 
any characters are available for scanning. If so, the process 
proceeds to step 108, Where the character is imported from 
the list. 

[0039] The program then advances to step 110 Where the 
program determines if there any roWs to scan. If not, the 
program returns to step 106 to search for another character. 
If unscanned roWs remain, the process advances to step 112 
Where the program imports a roW for analysis. The process 
then advances to step 114, Where the program searches the 
roW for the left-most dark pixel. The process continues at 
step 116, Where the program determines if a dark pixel is 
present in the roW. If not, the process returns to step 110 to 
search for an unscanned roW. If a pixel is found, the process 
advances to step 118, Where the pel histogram is incre 
mented to re?ect a neW pixel at that position. The program 
then returns to step 110 to search for an unscanned roW. 

[0040] Returning to the determination at step 106, if no 
additional characters are found, the process terminates at 
step 120. The acquired data Within the pel histogram are then 
?ltered to eliminate data that are not helpful for the catego 
riZation process. An example of this ?ltering process is 
illustrated in FIG. 4. 

[0041] In the example beloW, it is assumed that the nor 
maliZed characters, and thus the corresponding pel histo 
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gram, have sixteen pixel columns. It is further assumed that 
the selected ?ltering technique eliminates all data points 
Within the pel histogram With a column value greater than 
one-half the total. These assumptions are made merely for 
the sake of example; other character siZes and ?ltering 
techniques may be used Within the present invention. 

[0042] The ?ltering process 150 begins at step 152. The 
process then advances to step 154, Where the program 
determines if any unprocessed roWs remain in the pel 
histogram. If roWs remain, the process then advances to step 
156, Where the program imports a roW from the pel histo 
gram. The process continues at step 158, Where the program 
determines if there are any column positions remaining in 
the roW to be analyZed. If not, the process returns to step 154 
to search for an unprocessed roW. If so, the process advances 
to step 160 to determine if the column position number is 
greater than eight. 

[0043] If the column position number is less than or equal 
to eight, the process returns to step 158 to determine if more 
column positions remain for analysis. If the column number 
is greater than eight, the process advances to step 162, Where 
the pel histogram entry for the selected roW and column is 
cleared. The process then returns to step 158 to determine if 
more column positions remain for analysis. 

[0044] Returning to the determination at step 154, if no 
additional unprocessed roWs are found, the process termi 
nates at step 164. The remaining data is then subjected to a 
linear regression analysis to determine a representative slope 
for the set of characters. An example regression process is 
illustrated in FIG. 5. 

[0045] The regression process 200 begins at step 202. The 
process then advances to step 204. At step 204, the program 
initialiZes the linear regression sums. The linear regression 
sums are the sums of various quantities over each position 
in the pel histogram, Weighted by the recorded value at that 
position. Useful quantities include the roW and column 
numbers at each position, the respective squares of the roW 
and column numbers, and the product of the roW and column 
numbers. 

[0046] After the linear regression sums are initialiZed, the 
process advances to step 206 Where the program determines 
if additional roWs are present for processing in the pel 
histogram. If unprocessed roWs remain, the process 
advances to step 208, Where the program imports a roW from 
the pel histogram. The process then advances to step 210. At 
step 210, the program determines if column positions remain 
in the roW to be summed. If all column positions have been 
included in the sums, the process returns to step 206 to 
search for another unprocessed roW. If column positions 
remain that have not been included in determining the linear 
regression sums, the process continues to step 212. 

[0047] At step 212, the program retrieves the value stored 
at the position in the pel histogram corresponding to the 
selected roW and column. As discussed above, the value at 
this point Will be equal to the number of left-edge pixels 
found at this position in the analysis of the normaliZed 
characters. The process then advances to step 214. At step 
214, the program adds appropriately Weighted roW and 
column values. Speci?cally, the column value, the roW 
value, their product, and their respective squares are multi 
plied by the value recorded at that position in the pel 
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histogram and added to the appropriate linear regression 
sum. After the values are added to the sum, the process 
returns to step 210 to determine if unprocessed columns 
remain in the roW. 

[0048] Returning to the determination at step 206, if no 
additional unprocessed roWs are found, the process proceeds 
to step 216. At step 216, the linear regression sums are used 
to calculate the slope and intercept for a best-?t line (With 
respect to the Y-aXis), as Well as a correlation coef?cient for 
the regression. The calculation of these quantities is Well 
knoWn to one skilled in the art. After the calculation, the 
process terminates at step 218. 

[0049] FIG. 6 illustrates the veri?cation process for the 
calculated regression values. The process 250 begins at step 
252. 

[0050] The process then advances to step 254, Where the 
program determines if the calculated slope falls Within a 
predetermined range. This range is determined by examina 
tion of data similar to that the program is eXpected to 
encounter. If the slope does not fall Within this range, the 
selected character set likely does not meet the assumptions 
necessary for the regression analysis. Accordingly, if the 
slope does not fall Within this range, the program reports an 
error, and the process terminates at step 256. 

[0051] If the calculated slope falls Within accepted ranges, 
the program advances to step 258, Where the program 
determines if the X-intercept falls Within a predetermined 
range. Again, the acceptable range is calculated by eXam 
ining data similar to data the program is expected to encoun 
ter. If the X-intercept does not fall Within the predetermined 
range, the selected character set likely fails to meet the 
necessary assumptions for the regression analysis. Thus, the 
program reports an error, and the process terminates at step 
256. 

[0052] If the X-intercept falls Within acceptable param 
eters, the process advances to step 260. At step 260, the 
program determines if the slope is less than a predetermined 
threshold. If the slope is suf?ciently small, the program 
reports that the selected character set is not italiciZed, and 
the process terminates at step 262. If the slope eXceeds the 
threshold, the process advances to step 264, Where the 
calculated correlation coef?cient is compared to a predeter 
mined threshold. 

[0053] If the absolute value of the correlation coef?cient is 
less than a predetermined threshold, it is likely that the 
selected character set does not meet the necessary assump 
tions for the regression analysis. Thus, the program reports 
an error, and the process terminates at step 256. If the 
correlation coef?cient eXceeds the predetermined threshold, 
the program reports that the selected character set is itali 
ciZed, and the process terminates at step 266. 

[0054] It Will be understood that the above description of 
the present invention is susceptible to various modi?cations, 
changes and adaptations, and the same are intended to be 
comprehended Within the meaning and range of equivalents 
of the appended claims. The presently disclosed embodi 
ments are considered in all respects to be illustrative, and not 
restrictive. The scope of the invention is indicated by the 
appended claims, rather than the foregoing description, and 
all changes that come Within the meaning and range of 
equivalence thereof are intended to be embraced therein. 
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Having described the invention, I claim: 
1. A method of recogniZing italic teXt in a optical char 

acter recognition system comprising: 

creating a plurality of digital images of alphanumeric 
characters from a block of teXt, each comprising a 
plurality of roWs of digital pixels; 

preprocessing the digital images such that each image is 
normaliZed to equal siZe and the piXels Within each 
image have a ?rst value or a second value; 

determining the position of the left-most piXel With a ?rst 
value in each roW for each image; 

recording the position of each left-most piXel With a ?rst 
value as a ordered pair including the roW number and 
ordinal position Within the roW; 

calculating a best ?t line and a corresponding slope for the 
ordered pairs via linear regression; and 

comparing the calculated slope to a predetermined thresh 
old. 

2. A method as set forth in claim 1 Wherein the piXels 
Within the digital images are assigned a value based upon the 
original brightness of the piXel. 

3. A method as set forth in claim 1 Wherein the method 
further comprises the step of altering the digital character 
images to remove an italic tilt Where the absolute value of 
the slope eXceeds a threshold. 

4. A method as set forth in claim 1 Wherein the method 
further comprises the step of creating a plurality of digital 
images from the original block of teXt via an alternate 
method speci?c to italiciZed teXt Where the slope eXceeds the 
threshold. 

5. A method as set forth in claim 1 Wherein the method 
further comprises the step of recogniZing the alphanumeric 
characters via a method speci?c to italiciZed characters 
Where the slope eXceeds the threshold. 

6. A computer program product operative in a data pro 
cessing system for detecting italiciZed teXt comprising: 

an image acquisition portion capable of creating a plu 
rality of digital characters of alphanumeric images from 
a block of teXt, each comprising a plurality of roWs of 
digital piXels; 

a preprocessing portion that preprocesses the digital 
images such that each image is normaliZed to equal siZe 
and the piXels Within each image have a ?rst value or 
a second value; and 

a preclassi?cation portion that determines the position of 
the left-most piXel With a ?rst value in each roW for 
each image, records the position of each left-most piXel 
With a ?rst value as a ordered pair including the roW 
number and ordinal position Within the roW, calculates 
a best-?t line With a corresponding slope for the 
ordered pairs through linear regression, and compares 
the calculated slope to a predetermined threshold. 

7. A computer program product as set forth in claim 6 
Wherein the piXels Within the digital images are assigned a 
value based upon the original brightness of the piXel. 

8. A computer program product as set forth in claim 6 
Wherein the preclassi?cation portion alters the digital char 
acter images to remove an italic tilt Where the absolute value 
of the slope eXceeds a threshold. 

9. A computer program product as set forth in claim 6 
Wherein the image acquisition portion creates a plurality of 
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digital images from the original block of text via an alternate classi?cation portion that recognizes the alphanurneric char 
rnethod speci?c to italicized text Where the slope exceeds the actcrs via a method speci?c to italicized characters Where 
threshold the slope eXceeds the threshold. 

10. A computer program product as set forth in claim 6 
Wherein the computer program product further comprises a * * * * * 


